strongest predictors of future academic success in predominantly middle-and highincome samples (Wigfield & Eccles, 2000) . According to expectancy-value theory (EVT), individuals are more likely to engage in learning activities when they view these activities as interesting, useful, and cost-effective Wigfield & Eccles, 2000) . Furthermore, these educational values (i.e., interest, usefulness, and cost) are related to greater academic achievement and likelihood of graduation Wigfield & Eccles, 2000) .
Though a majority of children in the United States are now considered low-income (Suitts, Barba, & Dunn, 2015) , there are surprisingly few studies on the links between poverty and children's beliefs about the costs and benefits of learning and education. Socio-economic status (SES) is often included as a covariate in empirical research on EVT, but only one study has explicitly examined SES as a predictor of children's values or beliefs about school. Guo, Marsh, Parker, Morin, and Yeung (2015) found that SES indirectly predicted mathematics achievement in a sample of Hong Kong children through its association with perceived mathematics ability and usefulness. However, the design of the study was cross-sectional, which can produce inaccurate estimates of mediation effects (Maxwell & Cole, 2007) . In addition, the study did not include children's perceptions of cost, an integral, if understudied component of EVT (Wigfield, 1994) , which is the major focus of the current study.
Perceived cost refers to the beliefs the individual has about what they must give up in order to pursue a task (e.g., effort, lost time for other activities) and the amount of effort it will take to become good at a task (Wigfield, 1994) . While a core construct in EVT, perceived cost has received scarce attention in the empirical literature (Perez, Cromley, & Kaplan, 2014; Wigfield & Cambria, 2010) . Perceptions about the cognitive, social, or emotional costs of an activity are important predictors of how likely an individual is to pursue a goal or task (Wigfield & Cambria, 2010) . For example, in one of the few studies to assess the predictive utility of perceived cost values, Battle and Wigfield (2003) found that perceptions of cost negatively predicted women's decisions to attend graduate school.
Evolutionary conceptualizations of development offer an intriguing framework for understanding how and why economic disadvantage might be related to children's academic values. In contrast to traditional risk-oriented models that hypothesize that disadvantaged children are at risk for deficits in a wide range of areas, evolutionary development models focus on the functional and adaptive value of individual differences in behaviour (Del Giudice & Ellis, 2014) . For example, life history theory proposes that, in environments characterized by impoverishment and reduced access to material resources, individuals' preferences will shift towards immediate rewards due to the uncertainty of future pay-offs (Ellis, Boyce, Belsky, Bakermans-Kranenburg, & Van IJzendoorn, 2011; Kaplan & Gangestad, 2005) . Although this strategy is adaptive in the short term, it may come at the expense of long-term goals, such as education and academic achievement (Frankenhuis, Panchanathan, & Nettle, 2016; Hentges & Wang, 2018; Richardson, Castellano, Stone, & Sanning, 2016) . As a result, exposure to poverty may increase perceptions of how costly it is to pursue a long-term goal, like education, given the relative uncertainty of the future. This is not to say that children in poverty do not recognize the long-term value of education (i.e., usefulness), but rather that the short-term costs (e.g., effort, time) outweigh the long-term rewards given that the current environmental conditions are likely to predict future environmental conditions (e.g., poverty, lower access to resources). Recent investigations have revealed that poverty does, in fact, increase a child's tendency to choose immediate rewards at the expense of future ones, thus offering indirect support for this hypothesis. For example, individuals growing up in poverty are less likely to delay gratification on laboratory tasks (Raver et al., 2011; Sturge-Apple, Davies, Cicchetti, Hentges, & Coe, 2017) , are more likely to procrastinate (Chen & Qu, 2017) , and prefer higher risk, but bigger and more immediate gambling rewards (Griskevicius, Tybur, Delton, & Robertson, 2011) .
Within EVT, perceived usefulness, cost, and interest are interrelated but distinct constructs (Wigfield & Eccles, 2000) . As a result, it is possible that they have independent effects on behaviour and may be differentially related to risk factors of low achievement, like economic disadvantage. However, no prior studies have assessed the independent relations between poverty and perceived cost, usefulness, and interest in educational pursuits, nor how these educational values relate to educational achievement (e.g., grades) over time. Life history theory specifically proposes that impoverished environments, such as household poverty, result in a set of fast life history traits that include the disposition to highlight the costs versus the benefits of long-term rewards that require a large up-front investment of resources or energy, such as learning math (Del Giudice & Ellis, 2014) . Thus, the objective of the present research was to integrate expectancy value and life history theories to test a novel hypothesis that poverty would be related to lower academic achievement over time through its association with increased perceptions of cost.
This hypothesis was examined in a longitudinal study of mathematics achievement during early adolescence. The rationale for focusing on mathematics was twofold. First, disparities in educational achievement have been particularly pronounced in mathematics (Balfanz & Byrnes, 2006) , and performance in mathematics is linked to greater academic success in high school and college, even in non-maths-based subjects (Adelman, 2006; National Research Council, 2009 ). Indeed, achievement in mathematics courses during primary and secondary school is a potent predictor of post-secondary education eligibility, enrolment, and attainment (Cooper, Cooper, Azmitia, Chavira, & Gullatt, 2002; Guglielmi & Brekke, 2018; Perna & Titus, 2005) . Second, during early adolescence, mathematics demands increase significantly and students begin to show signs of devaluing mathematics achievement (Wigfield, Byrnes, & Eccles, 2006) . Thus, mathematics education in early adolescence might be a particularly salient context in which to examine the relations between poverty, academic values, and educational achievement. As a rigorous test of the hypothesis that poverty would be associated with lower mathematics achievement via higher perceptions of cost, students' perceived usefulness of mathematics as well as their interest and perceived ability in mathematics were included as potential alternative mediators. In line with prior research, it was expected that these alternate mathematics values and beliefs would be related to changes in mathematics grades. However, in accord with life history theory, it was hypothesized that economic disadvantage would uniquely predict higher perceived cost of learning math, over and above the values or interest, perceived usefulness, and perceived ability.
Method
Participants Data were drawn from a longitudinal study of school engagement and learning. The sample consisted of 1,536 students (M age = 12.88, SD = 1.72) who were currently enrolled in a 5th, 7th, or 9th US grade-level mathematics class, which roughly corresponds to school years 6, 8, and 10 in England and ages 10, 12, and 14, respectively. Participants were recruited from three school districts in a large north-eastern metropolitan area at the start of the 2015-2016 school year. After the study was described to teachers and students at each school, teachers distributed letters describing the study, along with opt-out consent forms, to students' families. Only 2% of the families opted out of the study. The student sample was 50.6% female, 51.4% European American, 30.0% African American, 11.5% biracial/multiracial, and 7.1% other ethnic background. After enrolment, school records of participants from the 2014-2015 school year were also collected. All procedures and measures were approved by the Institutional Review Board of the last author's university.
Measures

Economic disadvantage
Participating schools prohibited assessments of individuals' family income. Thus, schoolreported free or reduced-price lunch status for the 2014-2015 school year was used as a proxy for exposure to economic disadvantage (0 = full-price lunch; 1 = reduced-price or free lunch status). Free-and reduced-price lunch status is often used to measure economic disadvantage of students in the United States because eligibility is contingent on low income (Morales & Guerra, 2006; Morrissey, Hutchison, & Winsler, 2014) . In the United States, students are eligible for free lunch at or below 130% of the poverty line and reduced-price lunch at or below 185% of the federal poverty line. In 2014, the US federal poverty level for a family of four was $23,850, meaning students would be eligible for free lunch if the family income was $31,005 a year or less and reduced-price lunch if their annual income was between $31,006 and $44,123 (Department of Health and Human Services, 2014) . Approximately 52% of the student sample qualified for free or reducedprice lunch during the 2014-2015 school year, which is in accord with the US national prevalence of 51.8% who are eligible for free-or reduced-price lunch (National Center for Education Statistics, 2017). School records were available for 86.6% of students.
Mathematics expectancy and task values
During the first half of the 2015-2016 school year (August to December), students completed computer-based questionnaires measuring their attitudes and values (i.e., interest, perceived usefulness, and perceived cost) regarding the subject of mathematics. Surveys were completed during regular instruction time in school, and members of the research team were on hand to provide support while students completed the surveys. To assess Perceived Cost, students answered four questions relating to the degree to which they believe the effort to become proficient in mathematics is too high (e.g., 'Math demands too much of my energy'.). Three items assessed the Perceived Usefulness of learning mathematics (e.g., 'I will need good math grades for going to college'). Students completed three items to assess their intrinsic Interest in Mathematics (e.g., 'How interested are you in math?'). Finally, students were asked three questions to assess their Perceived Ability in Mathematics (e.g., 'I am good at math'). All scale items were assessed on a five-point Likert scale ranging from 1 to 5.
Scale items were adapted from measures originally developed by Eccles and Wigfield (Jacobs, Lanza, Osgood, Eccles, & Wigfield, 2002) for use with two US-based samples of primary and secondary school students and by Trautwein et al. (2012) for use with a German-based sample of secondary students. These items were adapted, based on theory and qualitative interviews with thirty-eight 12-to 18-year-old US students, to be more relevant to the current study sample and purpose. In addition, some of Eccles' and Trautwein's subscales only included one or two items (e.g., usefulness, cost). Therefore, when necessary, items were added so that each task value scale had at least three items. Prior to administration, the survey items were pilot-tested on three thousand eight hundred and eighty-three 11-to 18-year-olds to ensure good internal reliability and construct and predictive validity (Wang, Fredricks, Ye, Hofkens, & Linn, 2016 ). In the current study, all scales demonstrated satisfactory internal reliability, with alphas ranging between .77 and .88 (M = 0.83). Complete scale items are included in the Appendix.
Mathematics achievement
Student mathematics report card grades for the 2014-2015 and 2015-2016 academic year were collected from school records. Twenty-two of the 23 schools reported grades as a percentage score. One school reported letter grades, which were then converted into percentages based on the mid-point value of the school's grading scale. For example, the school's grading scale indicated grades between 93% and 100% were equivalent to an A. Therefore, letter grades of A were converted to the mid-point percentage score of 96.5.
Covariates
Due to established relations with academic outcomes, child school year level, race (0 = minority; 1 = White), and gender (0 = female; 1 = male) were included as covariates in the analyses. We also controlled for parental involvement in mathematics education in the analyses. Parental behaviours were assessed with a 12-item measure adapted from a previous measure developed by Simpkins, Price, and Garcia (2015) that assessed parental involvement and support across three subdomains: positivity (e.g., 'praises you for your school work in math'), school-based support (e.g., 'Checks or asks if your math homework is complete'), and co-activity (e.g., 'Talks to you about how things are going in your math class'). Responses ranged from 1 (never) to 5 (always). All 12 items were averaged together to create a composite scale of parental involvement (a = .89). The full scale items are included in the Appendix.
Results Table 1 provides the means, standard deviations, and bivariate correlations among the variables included in the study. All variables were normally distributed and did not evidence significant skewness (absolute value range = 0.02-1.38).
To test the proposed hypotheses, a latent difference score (LDS) model was conducted using structural equation modelling (McArdle, 2009) in Amos 24.0 software. Similar to latent growth curve modelling, LDS models allow for testing predictors of interindividual differences in intraindividual change. However, contrary to latent growth curve models, LDS only needs two assessment points. In accordance with standard LDS procedures, the two components of the LDS change model consisted of (1) a growth parameter reflecting change in mathematics achievement across the two school years and (2) an autoregressive path that estimates the effect of prior grades during the 2014-2015 school year on later mathematics grades from the 2015-2016 school year. Accordingly, the LDS model is a rigorous approach to testing change in mathematics grade, controlling for the effect of prior grades on changes in mathematics achievement over time. To retain the full sample size, missing data (Median = 14.71%, Range = 0-31.97% across all variables included in the study) were estimated using the full-information, maximum-likelihood (FIML) procedure (Enders, 2001) . FIML is a widely accepted technique and is considered superior to listwise and pairwise deletion procedures because it optimally maintains the original structural association between variables in the model (Enders, 2001) .
The model, which is depicted in Figure 1 , provided a good representation of the data, v 2 (3, N = 1,536) = 2.48, p = .48, root mean square error of approximation (RMSEA) = 0.00, v 2 /df ratio = 0.83, comparative fit index (CFI) = 1.00. For clarity of presentation, covariates mentioned previously are not included in the figure but were specified as predictors of change in mathematics grades and all potential mediators (i.e., perceived cost, usefulness, interest, and ability). All Wave 1 predictors and covariates (e.g., economic disadvantage, parental involvement, prior grades) were allowed to covary with each other. The 2014-2015 mathematics grades were also specified as predictors of perceived cost, usefulness, and interest in math. In addition, due to significant correlations between the analytic mediators in the model, covariances were estimated between perceived mathematics cost, usefulness, interest, and ability; however, these covariances are not included in the figure for clarity. Results of the full model, including covariates, are included in Table 2 .
Economic disadvantage significantly predicted students' perceived cost of learning math, b = 0.24, SE = .07, p = .001. However, economic disadvantage did not significantly predict students' perceived usefulness, b = À0.03, SE = .07, p = .71, interest in math, b = 0.02, SE = .08, p = .83, or perceived mathematics ability, b = À0.02, SE = .08, p = .84. Perceived higher cost of learning math, in turn, predicted decreases in mathematics grades over time, b = À1.88, SE = .37, p < .001.
Indirect effects (IEs) were examined using the online calculator for IE confidence intervals (CI) RMediation (Tofighi & MacKinnon, 2011 MEDCI/). Results revealed a significant IE of economic disadvantage on mathematics grades through higher perceived cost of learning math, IE = À0.45, 95% CI (À0.81, À0.16). Thus, students eligible for free or reduced-price lunch had lower mathematics achievement scores, and this could be explained by their higher perceived cost of learning math. Although both interest and perceived ability in mathematics were significantly related to improvements in mathematics grades over time, the IEs from economic disadvantage to mathematics achievement were not significant.
Discussion
Results of the current study suggest that children growing up in poverty have different cognitive evaluations about learning mathematics than children not exposed to economic adversity. Specifically, children who were eligible for free or reduced-price lunch at school reported higher perceived costs of learning math, which in turn predicted lower academic achievement in math. However, economic disadvantage did not predict other educational beliefs or values (i.e., interest, usefulness, and perceived ability). This study highlights the potential benefits of integrating evolutionary theories of development into research on the poverty gap in children. Prior research investigating the role of children's attitudes and values about education has implicated children's interest levels and beliefs about the usefulness of subjects as strong predictors of academic performance, with lower interest and perceived usefulness and ability acting as risk factors for student apathy and disengagement (Wigfield & Cambria, 2010) . However, few researchers have assessed how poverty relates to these expectancy values. Thus, this is the first study to show that economic hardship uniquely predicts higher perceptions about the cost of learning mathematics, and this in turn predicts decreases in mathematics grades over time. This finding is in line with hypotheses derived from life history theory, which suggests that early harsh environments are specifically proposed to foster a present-oriented perspective that discounts long-term goals. Results from the current study suggest that children growing up in poverty may recognize the potential long-term benefits of learning mathematics (i.e., usefulness) to a similar level as those not growing up in poverty. However, those in poverty evaluate the cost of learning mathematics as higher. Perceived cost refers to a choice about the costs versus advantages of engaging in educational pursuits. All choices have costs, and each individual student has different valuations about whether working hard now to possibly get an 'A' later in the future is 'worth it' (Wigfield & Cambria, 2010) . From a life history perspective, children growing up in impoverished environments make choices that are most beneficial to their immediate circumstances and short-term goals because of the uncertain nature of the future (Kaplan & Gangestad, 2005) . Thus, children growing up in poverty might recognize that getting an 'A' in school could have long-term benefits, such as getting into college, but expending the effort to get an 'A' is perceived as costlier because their resources and energy might be better invested towards other pursuits that offer more immediate pay-offs.
Economic disadvantage did not predict lower interest or perceived ability in mathematics either, suggesting that children growing up in poverty may evidence similar levels of interest and perceived ability in mathematics as their more economically advantaged peers, particularly after taking other factors (e.g., race, gender) into account. This is in contrast to the findings of Guo et al. (2015) , which found significant IEs between low SES and poorer math achievement through lower perceived ability and usefulness of math. There are several possible reasons for the discrepancy in findings. First, Guo et al. (2015) did not include an assessment of perceived cost, which may have been a more robust mediator of SES and mathematics achievement. For example, in the current study, economic disadvantage was weakly correlated with perceived usefulness and ability but failed to predict these values in the full model that included perceived cost. Second, the cross-sectional design used by Guo et al. (2015) precluded their ability to control for prior mathematics achievement, which may result in biased effect estimates. Third, the current study used an objective measure of income, as indicated by free-or reduced-price lunch status (i.e., 185% or below the federal poverty guidelines), while Guo et al. (2015) used subjective child reports of parental education and number of books in the home. In addition to the subjective nature of these measures, it is also likely that number of books in the home is not an adequate measure of socio-economic disadvantage and may not be a strong predictor of academic achievement given the heightened availability and reliance on electronic media. Finally, the United States is considered to have higher opportunities for intragenerational social mobility compared to East Asian countries, including Hong Kong (Breen & Jonsson, 2005; Chan, Lui, & Wong, 1995) . Low SES children raised in societies with less social mobility may therefore be less likely to endorse items related to the long-term usefulness of mathematics skills. However, there is a scarcity of crosscultural research related to educational values, so future research is needed to understand if SES differentially predicts educational values in North American and Asian samples.
Implications
Although the theoretical importance of perceived cost has been recognized in educational research, it has also been the least studied of the subjective task values identified in the educational motivation literature (Flake, Barron, Hulleman, McCoach, & Welsh, 2015; Wigfield & Cambria, 2010) . Thus, this is the first study to identify perceived cost as a potentially important mediating mechanism between poverty and educational performance. This finding has important implications for education programmes and policy. If children growing up in harsh and uncertain environments, such as poverty, deem the long-term pay-offs of education as too costly, one potential avenue for decreasing the economic gap in relation to mathematics achievement is to reduce students' perceived cost in academic learning. For example, brief interventions have been found to be effective in enhancing other expectancy values, like perceived usefulness (Harackiewicz, Canning, Tibbetts, Priniski, & Hyde, 2016; Hulleman, Godes, Hendricks, & Harackiewicz, 2010) . Similar experimental manipulations that decrease individuals' perceived cost of learning mathematics might prove beneficial (Autin & Croizet, 2012) . Another potential avenue for improving school engagement among at-risk children is to increase the immediate and inherent benefits of education (Richardson et al., 2016) . Given children's intrinsic interest in learning through active exploration of their environment and social interactions (Geary, 2012) , capitalizing on instructional practices that make use of handson learning activities and peer collaboration may increase engagement, particularly for atrisk children (Slavich & Zimbardo, 2012) .
Limitations
Several limitations of the current study merit discussion. First, the study used a single dichotomous variable to assess economic disadvantage among children. Thus, only families at or below 185% of the poverty line were considered to be economically disadvantaged. A continuous measure of exposure to poverty (e.g., family income) could provide a more detailed assessment of the point at which poverty begins to affect children's perceived cost of learning in school and academic performance. In addition, it is also important to note that there is emerging evidence that early environmental harshness and unpredictability might have unique, independent effects on subsequent domains of a fast life history strategy (Belsky, Schlomer, & Ellis, 2012; Richardson et al., 2017) . Economic disadvantage is only one indicator of early harshness, with others including harsh parenting or maltreatment (Richardson et al., 2017) . Therefore, future research should attempt to identify if the current findings are unique to economic harshness or if other indicators of harshness and unpredictability have similar results. One recent study found that harsh parenting (defined as verbal and physical aggression) in middle childhood was related to lower educational attainment in early adulthood through a set of developmental processes proposed by life history theory (Hentges & Wang, 2018) . However, perceived cost of educational goals was not assessed in that study.
Second, results of the current study are specific to mathematics-related values and interest. Thus, future research should attempt to address whether these findings generalize across school subjects, including English and history. In addition, the results are limited to middle childhood and early adolescence, and future studies should investigate whether these results generalize to younger children or older adolescents and college students. Finally, life history theory suggests that exposure to early adversity supports the development of a present-oriented perspective that values short-term and immediate rewards at the expense of long-term goals. However, the current study falls markedly on the side of assessing 'costs', with less attention paid to how students perceive and value short-term goals. For example, economically disadvantaged students may be engaging in other pursuits that take the place of academically oriented goals, such as employment, peer affiliations, or athletic endeavours. These activities could be providing immediate or short-term rewards (e.g., income, enjoyment, status) at the cost of long-term goals. Future research should attempt to address in more detail the trade-offs that students engage in when determining that learning mathematics is too 'costly'.
It is also important to note that economic disadvantage could influence other ecological systems that the child participates in, which could ultimately influence the child's perceived cost of learning mathematics (Bronfenbrenner, 1977) . For example, low-income parents might have their own perceptions of high cost in regard to education, particularly if they do not feel they can afford the long-term 'reward' of their child pursuing higher education (i.e., college). These perceptions, in turn, might be passed on to the child through various direct or indirect messages about the value of school. For example, parents may be less likely to invest time or resources into their child's mathematics education (e.g., helping with homework, finding a tutor), which could increase students' perceptions of cost. In addition, poverty is theorized to predict maladjustment in children through a variety of pathways, including higher exposure to lead, poorer nutrition, and more dysfunctional home environments (Brooks-Gunn & Duncan, 1997) . Early stress, such as poverty, might affect brain development and functioning, such as working memory, as well, which could have important implications for mathematics achievement (Hair et al., 2015; Teicher et al., 2003) . The current data set could not explore all of these pathways (e.g., effects of poverty on working memory and brain functioning). However, even after controlling for parental involvement and support in mathematics education, results from the current study suggest that children's perceptions of cost account for some of the association between economic disadvantage and decreases in mathematics grades over time.
Conclusions
Despite these limitations, the current study provides the first glimpse into how economic disadvantage affects children's beliefs and values regarding school and how these beliefs alter academic achievement. Results also highlight the potential value of integrating evolutionary developmental models into educational research (Hentges & Wang, 2018; Richardson et al., 2016) . By incorporating evolutionary models into traditional educational frameworks, the current study found support for a specific and novel hypothesis regarding the mediational processes accounting for the association between economic disadvantage and lower mathematics achievement. Children in economically harsh contexts appear to make value assessments according to their current circumstances and are more likely to perceive learning mathematics as costly. But, perhaps contrary to popular conceptions, economic disadvantage did not predict less interest in mathematics or perceptions of lower usefulness or mathematics ability during the following school year. These results suggest that educational interventions targeting economically disadvantaged children may be more effective if they focus on decreasing the perceived cost of learning math. Additional areas for future research include extended longitudinal designs that allow for studying how academic values relate to each other over time. For example, a developmental cascade in which poverty predicts higher perceptions of cost, which in turn predicts decreased interest in mathematics might elucidate previous findings that poverty is related to greater academic disengagement and dropouts, particularly among older students (Balfanz, Herzog, & Mac Iver, 2007) .
